Introduction
Tools in a manufacturing plant require regular maintenance over their lifespan (e.g. cleaning, calibration, safety checks) in order to keep them running smoothly. In capital intensive industries, such as semi-conductor manufacturing, the scheduling of maintenance operations on the tools used in production is a critical function. Maintenance operations can be expensive to perform, so we should only perform them when necessary. However if maintenance is delayed too long, tools may run sub-optimally or break down (thus requiring even more expensive unplanned, corrective maintenance). Furthermore a tool that is undergoing maintenance may be partly or wholly unavailable for (revenue generating) production operations.
We have developed a system to generate maintenance schedules for the IBM East Fishkill, New York 300mm semiconductor manufacturing plant. In the sections which follow, we give a description of the maintenance scheduling problem in semi-conductor manufacturing and discuss some of the challenges in solving it. We present a goal programming approach that incorporates both constraint programming and mixed-integer programming solution technologies. A system we have developed based on this approach is now in use within IBM.
Problem Description
In the semi-conductor manufacturing there are number of different types of maintenance:
1. Preventative maintenance: periodic maintenance recommended by manufacturer of tool, to be carried out at regular time intervals (e.g. every six months). 2. Trigger maintenance: required after a tool reaches a certain state. For example, a wafer count trigger is reached after a certain number of wafers have been processed on a tool. 3. Unplanned, corrective maintenance: in response to unforeseen tool breakdowns or sub-optimal functioning.
The purpose of maintenance scheduling is to generate a detailed schedule for preventative and trigger maintenance operations. For each maintenance operation, we are given a release date, a due date, a processing time, a tool or tool part (on which the maintenance is to be performed) and a demand for some constant number of technicians throughout the entire processing time to perform the maintenance. The tools in a semi-conductor fab can be partitioned into a number of toolsets. A toolset is a set of tools of a certain type (e.g. lithography) manufactured by a certain vendor. Maintenance operations need to be performed by maintenance technicians who are certified to work on tools belonging to a particular toolset. In practice, we have observed that maintenance technicians are mostly certified to work on tools belonging only to a single toolset. For each toolset, we are given a timetable specifying the number of maintenance technicians available during each time period (shift). The availability of technicians is typically the bottleneck in maintenance scheduling.
Objectives
In practice feasible schedules satisfying release dates, due dates and capacity constraints on the availability of technicians are usually easy to generate. Resource contention is not the main challenge in generating good maintenance schedules. Rather, the challenge is in handling multiple, non-convex objectives. We describe these objectives in the following sections.
Resource leveling. The first objective that we consider relates to the utilization of the available technicians for a toolset over time. When the use of technicians is spread out over time, it is more likely that there will be some idle technicians available to carry out any unforeseen, unplanned maintenance. In time periods when many technicians are busy, there are fewer idle technicians, so any neccessary unplanned maintenance may disrupt planned maintenance or require contracting outside technicians. Unplanned maintenance can be very expensive and disruptive to production operations, so in general it is preferred that we "levelize" the use of maintenance technicians over time so that some technicians are always available to handle unplanned maintenance should it become necessary (as illustrated in Figure 1(right) ). We formulate this requirement as an objective that we minimize the number of technicians that we utilize throughout the entire schedule in order to perform all of the pending maintenance operations (alternatively we minimize the maximum number of technicians that are active (performing maintenance) in any one time period)).
Minimizing disruption. The second objective relates to minimizing the disruption to production that occurs as a result of taking tools out of service in order to perform maintenance on them. Typically, tools in a semiconductor manufacturing fab process lots consisting of a number of silicon wafers. At any one time when a tool is busy processing a lot, there may be a number of wafers waiting in a queue to be processed by the tool. This number of wafers is referred
